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A. Ear:Stem Ratios in Parental Genotypes 
Introduction 
Earlier studies have established the importance of ear:stem ratio in determining the harvest index and potential 
yield of wheat cultivars (Siddique et al. 1989; Siddique and Whan, 1990). Much of the earlier work was 
concentrated mainly on recommended high yielding cultivars and some old cultivars. It is important to evaluate a 
wide range of parental materials for ear:stem ratios, before embarking on a breeding programme on ear:stem 
ratios. The main aim of this study was to assess ear:stem ratios in a wide range of parental genotypes. 
Methods 
Thirty genotypes including local high yielding cultivars and some introductions (Table 1) were planted at Wongan 
Hills on May 31, 1990. The plot size was 10 m long and 5 rows in a randomized complete block design. Cultural 
and management practices followed were similar to that of plant breeding plots. 
At anthesis for each genotype, five uniform plants per plot were sampled. The main stem was identified and the 
number of shoots (including main stem) was recorded. The observations recorded on the main stem were: stem 
length, ear length, stem dry matter (excluding leaves and leaf sheath) and ear dry matter. Ear:stem ratio was 
calculated as the ratio of ear dry matter/stem dry matter at anthesis. 
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Table 1. Biological yield, grain yield, harvest index and ear:stem ratios of 30 genotypes of wheat at Wongan 
Hills in 1990 
Genotype Biological yield 







Tincurrin 1,016 471 0.46 0.48 
77W:884 869 347 0.40 0.40 
77W:888 708 293 0.41 0.45 
79W:781 793 341 0.43 0.50 
79W:793 781 338 0.43 0.50 
79W:804 755 338 0.45 0.44 
Aroona 795 316 0.39 0.40 
Bodallin 899 381 0.43 0.47 
CEP-8058 687 256 0.37 0.42 
Corrigin 786 362 0.46 0.46 
Eradu 637 265 0.41 0.44 
Gamenya 792 329 0.42 0.41 
Gutha 935 397 0.42 0.41 
Halberd 763 314 0.41 0.43 
Hyden 868 368 0.42 0.43 
JI MA! 14 702 285 0.40 0.39 
ICansu No. 32 698 271 0.39 0.38 
Kuhn 648 281 0.43 0.43 
Martonvasar 13T 868 371 0.43 0.43 
Miling 852 357 0.42 0.42 
NS 732-PIMA 794 347 0.44 0.45 
PFAU 'S' 806 346 0.43 0.44 
RAC 911 823 363 0.44 0.45 
Reeves 792 344 0.43 0.42 
Schomburgk 608 229 0.38 0.38 
Spear 960 401 0.42 0.44 
TFQ 113 610 225 0.36 0.34 
V979-28 797 306 0.38 0.37 
Wilgoyne 754 320 0.43 0.43 
YU MA! 7 620 280 0.45 0.44 
Mean 781 329 0.42 0.43 
LSD (P = 0.05) 188.7 89.4 0.042 0.088 
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At maturity 1 m2 of  the crop was harvested at ground level. The number of ears per m2 was counted and the 
samples were dried in an oven at 70°C and weighed. Grain was then threshed in an electric thresher, redried and 
weighed. Harvest index was calculated as the ratio of grain yield to total above-ground biomass. Other yield 
components such as grains/ear, 1,000 grain weight and grains/m2 were also determined. 
Data were analysed using conventional analysis of  variance or, where appropriate, by spatial analysis using the 
programm SAFE. 
Results 
Table 1 shows that the ear:stem ratio ranged from 0.34 in TFQ 113 to 0.50 in 79W:781 and 79W:793. There were 
significant differences in biological yield, grain yield and HI between the genotypes. There were also significant 
and positive relationships (Figure l a  and b) between harvest index and ear:stem ratio (r = 0.76, n = 31, P = 0.001) 
and grain yield and ear:stem ratio (r = 0.56, n = 31, P = 0.001). The estimates of  broad sense heritabilities on 
ear:stem ratio (87%) were higher than an harvest index (68%) and grain yield (67%). 
Conclusion 
This study confirms the previous studies (Siddique et al. 1989) that ear:stem ratio at anthesis is highly correlated 
with harvest index and grain yield. The study also suggests that ear:stem ratio has a high heritability and is less 
affected by environment. There is a wide range variation for ear:stem ratio among the genotypes evaluated. Some 
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E A R : S T E M  R A T I O  A T  ANTHESIS 
Relationship between (a) ear:stem ratio at anthesis and harvest 
index (b) ear:stem ratio at anthesis and grain yield for 30 wheat 
genotypes at Wongan Hills in 1990. High yielding cultivars 
Tincurrin (TIN) and Kuhn (KUL) are shown with open symbols. 
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B. Evaluation of Breeding Populations for Ear:Stem Ratio, Harvest Index and Grain Yield: F2 
Derived Lines in the F4 Generation 
Introduction 
Studies involving F2 lines from 14 crosses in 1988 at Wongan Hills and F2 derived lines in the F3 generation with 
nine crosses in 1989 at Wongan Hills and South Perth indicated a range of ear:stem ratio within and between these 
crosses (Siddique and Whan, 1990). The study also suggests that ear:stem ratio has high heritability. However in 
the above early generation (F2 and F3) materials, we were not able to measure grain yield and harvest index. The 
main aim of this study was to evaluate ear:stem ratio in the F4 generation in yield plots and establish the 
relationship between ear:stem ratio, harvest index and grain yield. 
Methods 
In 1990, 15-25 lines from each of the nine crosses were selected based on F3 generation data on the ear:stem ratio, 
plant type, time to anthesis and parental genotypes. Four experiments using seeds from the above selected lines in 
the F4 generation were planted at Wongan Hills on May 31, 1990. Three of the experiment had lines from two 
crosses each, their parents and some standard cultivars. The fourth experiment had three crosses, their parents and 
standard cultivars. Experiments were laid out in a randomized complete block design and the plot size was 10 m 
long and 5 rows wide. Cultural and management practices were similar to that of breeding plots. 
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Table 2. Means and ranges for ear:stem ratio at anthesis, harvest index and grain yield (g 
m-2) for F2 derived 
lines in the F4 generations and their parents at Wongan Hills in 1990 
Crosses/ 
parents 






W87-022 0.37-0.44 0.402 0.39-0.44 0.417 222-344 278 
Eradu 0.40 - 0.43 271 
V763-17 0.40 0.41 271 
W87-072 0.34-0.44 0.411 0.34-0.45 0.416 198-369 310 
SA42 0.35 0.37 - 269 
V763-17 0.40 - 0.41 271 
W87-203 0.40-0.49 0.451 0.40-0.50 0.454 236-376 312 
Eradu 0.45 - 0.45 242 
Martonvasar 13T 0.48 0.47 414 
W87-241 0.38-0.50 0.438 0.39-0.50 0.441 245-431 324 
Schomburgk 0.44 0.43 354 
Tai Shan - 0.44 - 0.40 205 
W87-114 0.39-0.48 0.434 0.40-0.49 0.441 228-412 318 
Kuhn 0.44 0.46 445 
Hazera 2154 0.44 0.45 369 
W87-410 0.40-0.48 0.434 0.41-0.51 0.441 270-454 376 
Kuhn 0.44 0.46 445 
U-KL-496-86W - - 
W87-121 0.34-0.47 0.411 0.39-0.47 0.434 269-432 364 
Schomburgk 0.47 0.42 396 
Kansu No. 32 0.34 - 0.42 358 
W87-131 0.37-0.53 0.442 0.39-0.47 0.421 308-467 377 
Corrigin 0.46 0.46 533 
V979-28 0.45 0.46 313 
W87-152 0.35-0.48 0.422 0.35-0.50 0.435 241-383 331 
Schomburgk 0.47 0.42 396 
Yu Mai 7 0.47 0.48 307 
* Crosses are in bold followed by their parents. 
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At anthesis five uniform plants per plot were sampled. The main stem was identified and the number of  shoots 
(including main stem) was recorded. In addition to this stem length, ear length, stem dry matter (excluding leaves 
and leaf sheath) and ear dry matter on the main stem were recorded. Ear:stem ratio was calculated as the ratio of 
ear dry matter/stem dry matter at anthesis. Days to 50% anthesis in each plot was also recorded. 
At maturity 1 m2 o f  the crop was harvested at ground level. The number of ears per m2 was counted and the 
samples were dried in an oven at 70°C and weighed. Grain was then threshed in an electric thresher, redried and 
weighed. Harvest index was calculated as the ratio of grain yield to total above-ground biomass. Other yield 
components such as grains/ear, 1,000 grain weight and grains/m2 were also determined. 
Data were analysed using conventional analysis of variance or, where appropriate, by spatial analysis using the 
program SAFE. 
Results 
The ear:stem ratio at anthesis ranged from 0.34 to 0.53 in the crosses studied (Table 2). The maximum ear:stem 
ratio in each cross was generally higher than the parents. The harvest index ranged from 0.35 to 0.50 and the grain 
yield from 198 to 467 g m 2 .  In all the crosses the relationship between harvest index and ear:stem ratio was 
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EAR:STEM RATIO AT ANTHESIS 
Figure 2. Relationship between (a) harvest index and ear:stem ratio and (b) grain yield and ear:stem ratio 
for the cross W87-072,the F4 generation at Wongan Hills in 1990. SA42 and V763-17 are the two parents used in 
the cross. 
411 
Table 3. Heritabilities (h2) among F2 derived lines in the F4 generation for ear:stem ratio, harvest index, 




Harvest index Grain yield Biological yield 
W87-022 82.2 64.8 51.3 38.6 
W87-072 84.3 67.9 56.3 42.3 
W87-203 85.2 69.8 43.0 25.5 
W87-241 88.3 71.4 49.6 29.3 
W87-114 70.7 61.1 56.1 52.3 
W87-410 75.3 63.9 59.6 42.4 
W87-121 82.1 71.5 65.3 17.9 
W87-131 84.3 73.2 58.4 28.3 
W87-152 89.6 70.4 55.6 36.4 
Mean 82.4 68.2 55.0 34.8 
An example for this is shown for cross W87-072 in Figure 3. However the relationship between grain yield and 
ear:stem ratio was significant only in three of the nine crosses examined. In the rest of the crosses (six crosses) 
grain yield and harvest index was weakly related. In general for all the crosses grain yield was highly correlated 
with total above-ground dry matter at harvest. 
As with F3 generation, heritabilities were high for ear:stem ratio in all the crosses (Table 3). Heritabilities were 
moderate to high for harvest index, moderate for grain yield and low for above-ground dry matter. There were 
good relationships between ear:stem ratios of  F3 and F4 generation and between F2 and F4 generations for some 
crosses. 
Conclusion 
The studies so far with F2' F3 and F4 generation material indicates that there is a range of ear:stem ratio within 
and between the crosses examined. Although ear:stem ratio was negatively correlated with stem length in some 
crosses, there were substantial variation (low and high ear:stem ratios) within the same height class. The study 
also suggests that ear:stem ratio has a high heritability, whereas other characters such as harvest index, grain yield 
and total dry matter has low to moderate heritabilities. Reasonably high heritabilities and good relationship 
between generations and sites indicate the ear:stem ratio may be less affected by environment than grain yield, 
total dry matter and harvest index. 
In all the nine crosses harvest index was highly correlated with ear: stem ratio. However the grain yield was 
significantly correlated with ear:stem ratio only in three crosses. This was mainly because in other six crosses, 
harvest index was poorly correlated with grain yield. This suggests that total dry matter was not constant in the 
lines among these six crosses. 
Further studies are in progress with selected four crosses in the F5 generation at three environments (Wongan 
Hills, Merredin and Newdegate) to assess the importance of ear:stem ratio as a selection criterion than harvest 
index or grain yield for determining the potential productivity of a genotype, especially at a drier site, where part 
anthesis moisture stress is a common feature. 
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